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_ An integrated circuit having a plurality of circuit blocks, each 
(73) Asslgnee? TOUMAZ TECHNOLOGY _ block having one or more positive voltage supply pads, one or 

LIMITED’ Ablngdom Oxfordshlre more negative voltage supply pads, and one or more signal 
(GB) pads. The integrated circuit further comprises an electrostatic 

protection circuit comprising a ?rst electrostatic discharge 
(21) Appl- NO-I 12/671,281 protection rail for connection to a positive voltage supply 

point, a second electrostatic discharge protection rail for con 
(22) PCT Filed: Jul. 14, 2008 nection to a negative voltage supply point, and ?rst protection 

circuitry coupling each said signal pad to both said ?rst and 
(86) PCT NO; PCT/GB2008/050568 second electrostatic discharge protection rails, the ?rst pro 

tection circuitry being con?gured to provide a conduction 
§ 371 (0X1), path to one of the ?rst and second rings in the event of an 
(2), (4) Date; J an, 29, 2010 excessive voltage being present on one of said signal pads. 
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ELECTROSTATIC DISCHARGE 
PROTECTION CIRCUIT 

TECHNICAL FIELD 

[0001] The present invention relates to an electrostatic dis 
charge (ESD) protection circuit and, more particularly, to an 
ESD protection circuit for a System on Chip (SoC) suscep 
tible to damage due to electrostatic discharge. 

BACKGROUND 

[0002] It is Well knoWn that electrostatic discharge (ESD) 
can present a problem in small-scale devices such as inte 
grated circuits (ICs). This is because in an IC having ground 
and supply pins and pads, an ESD spike on one pin/pad may 
destroy the entire chip. A number of Ways of addressing this 
problem have been suggested. It is knoWn to provide an IC 
With circuitry Which, in the event of an electrostatic dis 
charge, forms a current discharge path for the ESD current 
and clamps the voltage of the IC pads at a suf?ciently loW 
level to prevent damage to components of the IC. FIGS. 1 and 
2 shoW an example of a knoWn arrangement for providing 
ESD protection. 
[0003] FIG. 1 shoWs, schematically, tWo circuit blocks 1, 2 
of an IC. The blocks 1, 2 may represent respectively analogue 
and digital circuitry components of the IC and each is 
assumed to be supplied by a different off-chip supply voltage. 
In the case of block 1, this supply voltage is Vdd1, and in the 
case of block 2 the supply voltage is Vdd2. The blocks operate 
at negative supply voltages Vss1 and Vss2, although in prac 
tice both negative supply voltages are ground. 
[0004] Each block 1, 2 is provided With a series of bonding 
pads (represented by small square boxes, With the pads of 
block 1 being shoWn cross-hatched) that are connected to the 
pins (not shoWn) of the IC provided externally of the IC. For 
each block, at least one of the pads is connected to the positive 
voltage supply pin (Vdd) and at least one is connected to the 
negative voltage supply pin (Vss). These pads are referred to 
collectively hereinafter as “voltage supply” pads. Others of 
the pads are connected to digital/analogue signal inputs/out 
put pins, clock signal pins, etc. These other pads are referred 
to hereinafter as “signal” pads. 
[0005] In order to provide ESD protection, a number of 
ESD protection rings extend around the entire periphery of 
the chip. One ring is provided for each Vdd and one for each 
Vss. Thus, in the example of FIG. 1, four ESD protection 
rings are provided. Each ring is connected directly to a cor 
responding one of the voltage supply pins of the IC package. 
Thus, ring 3 in FIG. 1 is connected to Vdd1, ring 4 to Vss1, 
ring 5 to Vdd2, and ring 6 to VSS2. Each voltage supply pad 
is coupled to each ring of the same polarity via ESD protec 
tion circuitry that is designed to provide a discharge path 
should the voltage on a given pad exceed a breakdown voltage 
(eg due to a voltage spike). Each of the signal pads associ 
ated With a given block is coupled to both of voltage supply 
pads of that block via further ESD protection circuitry. Thus, 
for example, a signal pad of block 1 Will be coupled to the 
voltage supply pads providing Vdd1 and Vss1. 
[0006] FIG. 2 shoWs in detail the ESD protection con?gu 
ration for one block (poWered by Vdd1 and Vss1) in the case 
of a four block IC having respective positive and negative 
supply voltages (Vdd1 to Vdd4, and Vss1 to Vdd4). Back-to 
back diodes are connected betWeen the voltage supply pads 
Vdd1 and Vss1 and each ESD protection ring of the same 
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polarity. Each ESD protection ring is connected to a pad 
Which is connected directly to the corresponding voltage 
supply pin (FIG. 2 shoWs only the pads for Vdd1 and Vss1). 
It is to be noted that the voltage on the Vdd1 pad cannot be 
more than the diode forWard voltage (nominally 0.7 volts) 
above or beloW the voltages on the ESD protection rings of 
the other positive supply voltages, as one or other of the 
diodes Will turn on and conduct to discharge that pad voltage. 
The same is true for the Vss1 pad. 
[0007] It Will be appreciated that this ESD protection con 
?guration provides protection not only during operation of an 
IC, but also during the Wire bonding operation during Which 
pads on the chip are bonded to associated pins of the IC 
package, providing that the ?rst pads to be bonded are the 
Vsscom and Vddcom pads to Which the ESD protection rings 
are connected. Thereafter, any spike appearing at a voltage 
supply or signal pad Will be conducted through the one or 
more back-to-back diode pairs to Which it is coupled and 
through one of the ESD protection rings to the connected Vdd 
or Vss pad. 
[0008] The need for a pair of ESD protection rails for each 
unit of a SoC is a signi?cant disadvantage. For example, an 
SoC having ?ve internal blocks Would require ?ve pairs of 
ESD rings, Which potentially increases the siZe of the chip 
and creates preferential breakdoWn mechanisms as some 
tracks may have loWer ohmic paths than others (eg if con 
nections are made With different lengths of Wiring). A further 
disadvantage is that the requirement for pairs of back-to-back 
diodes betWeen each voltage supply pad and each and every 
other ESD protection ring of the same polarity necessitates a 
high number of diodes and circuitry connections on the chip, 
Which again can increase the siZe of the chip and introduce 
further breakdoWn mechanisms. 

SUMMARY 

[0009] According to a ?rst aspect of the present invention 
there is provided an integrated circuit having a plurality of 
circuit blocks, each block having one or more positive voltage 
supply pads, one or more negative voltage supply pads, and 
one or more signal pads. The integrated circuit further com 
prises an electrostatic protection circuit comprising a ?rst 
electrostatic discharge protection rail for connection to a 
positive voltage supply point, a second electrostatic discharge 
protection rail for connection to a negative voltage supply 
point, and ?rst protection circuitry coupling each said signal 
pad to both said ?rst and second electrostatic discharge pro 
tection rails, the ?rst protection circuitry being con?gured to 
provide a conduction path to one of the ?rst and second rings 
in the event of an excessive voltage being present on one of 
said signal pads. 
[0010] It is an advantage of at least certain embodiment of 
the invention that, in comparison With the knoWn circuits 
discussed above, only a single ESD voltage supply and nega 
tive (e.g. ground) rail are required. This enables the IC to be 
constructed With feWer components and connections, thus 
minimising the physical siZe thereof, and reducing the elec 
trical connection complexity. There is also no need to provide 
protective circuitry betWeen each and every pair of supply 
padsias in the knoWn example. Furthermore, connecting all 
negative (ground) pads to a common ground rail avoids the 
need for each ground pad to be connected to every other 
ground pad by Way of additional protective circuitry. 
[0011] In order to provide ESD protection for said negative 
(e.g. ground) supply pads, the second electrostatic discharge 
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protection rail may be connected to each said negative supply 
voltage pad. Similarly, in order to provide ESD protection for 
the positive supply pads, second protection circuitry coupling 
each said positive voltage supply pad to said ?rst electrostatic 
discharge protection rail may be provided, With the second 
protection circuitry being con?gured to provide a conduction 
path to the ?rst ring in the event of an excessive voltage being 
present on one of said positive voltage supply pads. 
[0012] In an embodiment of the invention, said ?rst and 
second protection circuitry comprises, for each pad, a pair of 
back-to-back diodes coupling the pad to a corresponding one 
of the electrostatic discharge protection rails. 
[0013] The invention is applicable, in one example, to the 
case Where the positive voltage supply pads of different cir 
cuit blocks are connected to different voltage supply pins of 
the integrated circuit. 
[0014] In order to facilitate connection of pads to the ESD 
protection rings, these rings may extend substantially around 
the entire periphery of the integrated circuit. 
[0015] According to a second aspect of the present inven 
tion there is provided an integrated circuit having a plurality 
of circuit blocks, each block having one or more positive 
voltage supply pads, one or more negative voltage supply 
pads, and one or more signal pads. The integrated circuit 
further comprising an electrostatic protection circuit com 
prising a ?rst electrostatic discharge protection rail for con 
nection to a positive voltage supply point, ?rst protection 
circuitry coupling each said positive voltage supply pad to 
said ?rst electrostatic discharge protection rail, the ?rst pro 
tection circuitry being con?gured to provide a conduction 
path to the ?rst ring in the event of an excessive voltage being 
present on one of said positive voltage supply pads, a second 
electrostatic discharge protection rail for connection to a 
negative voltage supply point and to each saidnegative supply 
voltage pad, and second protection circuitry coupling each 
said signal pad to both said ?rst and second electrostatic 
discharge protection rails, the second protection circuitry 
being con?gured to provide a conduction path to one of the 
?rst and second rings in the event of an excessive voltage 
being present on one of said signal pads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 illustrates schematically a prior art System on 
Chip With ESD protection rings; 
[0017] FIG. 2 illustrates schematically ESD protection cir 
cuitry of the SoC of FIG. 1; 
[0018] FIG. 3 is a schematic vieW of the voltage and ground 
supply pads of a system on chip embodying the present inven 
tion; 
[0019] FIG. 4 is a schematic vieW of clamp circuitry of a 
system on chip embodying the present invention; and 
[0020] FIG. 5 shoWs the schematic vieW of FIG. 4 exem 
plifying pulse discharge paths. 

DETAILED DESCRIPTION 

[0021] As has been described above, System on Chip (SoC) 
ESD protection circuits have in general relied upon the pro 
vision of a pair of peripherally extending ESD protection 
rings for each unit Within the system, Where each unit requires 
its oWn positive and negative supply voltages. These 
approaches have failed to recognise that for each polarity, a 
single ESD protection ring is suf?cient, provided that ring is 
coupled to all of the supply voltage pads of that polarity. 
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[0022] Consider for example a four unit SoC IC, each unit 
requiring a positive supply voltage Vdd1 to Vdd4 and a nega 
tive supply voltage Vss 1 to Vss4. A ?rst point to note is that 
the voltage supplies can be referenced to a single, common 
negative supply voltage, i.e. ground. As is illustrated sche 
matically in FIG. 3, all of the negative supply pads of the four 
blocks are connected directly to a common “ground” ESD 
protection ring. This ring is in turn directly connected to a 
common Vss pad, “VSSCOM”, Which is bonded to aVsscom 
pin of the IC package. The four positive voltage supply pads 
are similarly coupled to a common ESD protection ring, but 
via respective pairs of back-to-back diodes. This ring is 
directly connected to a common Vdd pad, “VDDCOM”, 
Which is bonded to a Vddcomm pin of the IC package. FIG. 3 
further illustrates a signal pad “SP1” belonging to a ?rst of the 
SoC blocks poWered by VDD1 and VSS1. SP1 is coupled to 
pad VDD1 and VSS1 by respective pairs of back-to-back 
diodes.As compared With a conventional SoC IC, the number 
of ESD protection rings is reduced from four to tWo. Conse 
quently, the number of pads required to supply these rings is 
reduced from four to tWo. 

[0023] The term ‘diode’ is used here generically, to refer to 
any protective electrical component that can protect against 
electrostatic discharges in either direction. For example, 
rather than utilising pairs of back-to-back diodes as illustrated 
in FIG. 3, any suitable arrangement of diodes and/or transis 
tors and/or thyristors etc. may be used, and/or the gate and 
drain of a MOSFET may be connected together. 

[0024] During bonding of the SoC, the ?rst pad to be 
bonded is VSSCOM, folloWed by VDDCOM. Thereafter, the 
bonding sequence is not critical from the ESD point of vieW, 
as any spike appearing on a voltage supply or signal pad Will 
be discharged through one of the common ESD protection 
rings. 
[0025] It Will be appreciated that feWer back-to-back diode 
pairs are required to provide ESD protection than in the 
knoWn arrangement of FIG. 2. Furthermore, since each sup 
ply padVdd1, Vdd2, Vdd3,Vdd4 is connected to the common 
line (V DDCOM), the Wiring/circuitry is simpler than in the 
arrangement shoWn in FIG. 2. This facilitates manufacture 
and decreases the cost thereof. Furthermore, the likelihood of 
faults occurring is reduced and variations in the ohmic paths 
that exist With the knoWn arrangement of FIGS. 1 and 2 are 
avoided. 

[0026] In order to provide additional protection, the voltage 
supply and ground pads associated With each block of the SoC 
are connected via a clamp circuit. FIG. 4 is a schematic vieW 
of the relationship betWeen the voltage and ground pads. For 
simplicity, FIG. 4 shoWs only the voltage supply pads Vdd1, 
Vdd2 and ground pads Vss1, Vss2 of the ?rst and second 
blocks 1, 2. The Voltage supply pads Vdd1, Vdd2 are con 
nected via the back to back diodes DD LC, DD2_c to the com 
mon voltage supply line VDDCOM as in FIG. 3. The ground 
pads Vss1, Vss2 of the ?rst and second blocks are connected 
directly to the common ground line VSSCOM as in FIG. 3. 
Within each block (e.g. block 1), each supply pad (e.g. Vdd1) 
is connected to the corresponding ground pad (e.g. Vss1) via 
a clamp circuit CC. The clamp circuit CC comprises protec 
tive structures (e.g. tWo series connected diodes) that provide 
a discharge path in the event that the supply voltage exceeds 
the permitted breakdoWn voltage of the block. The purpose of 
the clamp circuit is to hold the voltage at a predetermined 
threshold in order to prevent the voltage reaching or exceed 
ing that of the clamp circuit. This prevents damage to the chip 
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by providing a discharge path for the energy to be dispersed 
elsewhere, so as to prevent dangerously high voltages reach 
ing the chip blocks. The discharge paths provide an easy path 
for energy to go doWniso as to reduce the chance of dis 
charge to the chip and thus reduce the likelihood of damage 
that could result therefrom. 
[0027] During ESD testing at manufacture, all Vss pins are 
connected initially to ground WithVdd’s ?oating, andpositive 
and negative voltage spikes are applied to each of the signal 
pins in turn. Then, all Vdd pins are connected to ground With 
Vss’s ?oating, and positive and negative voltage spikes are 
applied to the signal pins in turn. These tests verify the back 
to-back diode protection for the signal pads, since the ESD 
energy Will be discharged via these back-to-back diodes. In 
the next set of tests, all Vss pins are grounded, and allVddpins 
are connected to the supply (V dd). Then in turn, eachVdd pin 
is disconnected from the supply and again hit With positive 
and negative ESD spikes. The positive energy spike Will be 
discharged via the back-to-back diodes connected betWeen 
the Vdd pin under test, and VDDCOM. The negative energy 
spike could be discharged via the back-to-back diodes and 
then the series diode clamp circuit connected to VSSCOM. 
HoWever, this is a discharge path length of three diodes Which 
is rather undesirable. Thus the additional clamp diodes 
betWeen the Vdd andVss pins (e.g. betWeenVdd1 andVssl in 
FIG. 4) alloW for a shorter discharge path, only 2 diodes, for 
negative energy spikes. 
[0028] In the event of an ESD pulse occurring on either a 
supply pad or a ground pad, energy is ultimately discharged to 
the common ground line, VSSCOM. FIG. 5 shoWs an 
example of an ESD positive-going pulse discharge path (de 
noted by the solid arroW) for an ESD event that has occurred 
on a supply pad, Vdd2. ESD energy is discharged from the 
supply pad Vdd2, through the back-to-back diode arrange 
ment DDZi, through the common supply pad Vddcom, and 
?nally through a capacitor C to the common ground line, 
VSSCOM. It is convenient for the capcitor C to be an external 
decoupling capacitor (i.e. off chip). For clarity, the connec 
tion to the common ground line is labelled separately on the 
left hand side of FIG. 5, but it Will be appreciated that this is 
the same common ground line VSSCOM as depicted on the 
right hand side of FIG. 5. 
[0029] FIG. 5 also shoWs (by Way of the dashed arroW), the 
discharge path for an ESD event on a Vss pad. In this case, an 
ESD pulse Would simply be grounded to the ground point to 
Which all voltages are referred, i.e. directly to the common 
ground line VSSCOM. 
[0030] The ESD protection circuitry of embodiments of the 
present invention avoid the need to poWer up the individual 
blocks of a SoC IC as the provision of a common voltage 
supply, VDDCOM, ensures ESD protection is provided to all 
Vdd pads initially and simultaneously. Similarly, the provi 
sion of a common ground, VSSCOM, ensures that ESD pro 
tection is provided to all Vss pads initially and simulta 
neously. As for the prior art arrangement of FIG. 1, the 
common supply and ground lines may be provided in the form 
of rings extending around almost the entire chip. This is a 
convenient arrangement as it does not take aWay chip area that 
could be used for routing betWeen blocks. 
[0031] The ESD protective circuitry of embodiments of the 
present invention may be utiliZed, for example in the Sen 
siumTM TZl030 chip, manufactured by ToumaZ Technology 
Ltd. The SensiumTM chip is an ultra loW poWer Wireless 
sensor interface platform than may be used in medical appli 
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cations such as ECG monitoring, temperature monitoring, 
and the monitoring of blood glucose and oxygen levels etc. 
The chip can transmit or receive 2.5 nW poWer at 1V at one 
reading per day. Sensors Wearable on a patient’s body gener 
ate signals that are transmitted to the chip for processing/ 
monitoring. 
[0032] Embodiments of the present invention are particu 
larly suitable for use in the SensiumTM chip, Which contains a 
plurality of different blocks. Common ESD protection pro 
vides for all pads being protected at the same time, thus 
avoiding potential liability in having to poWer up the chip in 
a speci?ed sequence. Once the Vddcom and Vsscom pads are 
ESD protected, there is immediate protection for the Whole of 
the chip. 
[0033] It is to be noted that SoCs are also susceptible to 
latent damage in the event of an ESD event. Rather than 
causing a component to fail, an ESD event may cause the 
characteristics of a component on the 80C to change. This 
could lead to a situation Whereby it is not apparent from 
testing an SoC that damage has been sustained and thus there 
Would be no Way of knoWing the effect that the ESD event 
had. Embodiments of the present invention provide a more 
reliable Way to ensure ESD protection of SoCsithrough the 
essentially simultaneous and instantaneous ESD protection 
provided, thus minimising the chances of latent damage. This 
is particularly important in SoCs used in the medical ?eld, 
Where it could be vital to ensure correct operation of an 80C. 
[0034] It Will hoWever be appreciated that embodiments of 
the present invention may be utilised in any chip having a 
plurality of blocks, and thus utilised in any number of differ 
ent applications not limited to the medical ?eld. 
[0035] It Will be appreciated by the person of skill in the art 
that various modi?cations may be made to the above 
described embodiments Without departing from the scope of 
the present invention. For example, Whilst the embodiments 
described have involved, for eachblock, only a single positive 
and negative supply pad (V ss and Vdd), in some cases blocks 
may be provided With a plurality of one or other of these 
voltage supply pads. Of course, in this case, as ESD protec 
tion must be provided for each pad, the saving in terms of 
component count is even greater as compared With conven 
tional ESD protection solutions. 

1. An integrated circuit having a plurality of circuit blocks, 
each block having one or more positive voltage supply pads, 
one or more negative voltage supply pads, and one or more 
signal pads, the integrated circuit further comprising an elec 
trostatic protection circuit comprising: 

a ?rst electrostatic discharge protection rail for connection 
to a positive voltage supply point; 

a second electrostatic discharge protection rail connected 
directly to said negative voltage supply pads, the second 
electrostatic discharge protection rail being further con 
?gured for connection to a negative voltage supply 
point; 

?rst protection circuitry coupling each said signal pad to 
both said ?rst and second electrostatic discharge protec 
tion rails, the ?rst protection circuitry being con?gured 
to provide a conduction path to one of the ?rst and 
second rails in the event of an excessive voltage being 
present on one of said signal pads; and 

second protection circuitry coupling each said positive 
voltage supply pad to said ?rst electrostatic discharge 
protection rail, the second protection circuitry being 
con?gured to provide a conduction path to the ?rst rail in 
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the event of an excessive voltage being present on one of 
said positive voltage supply pads. 

2-3. (canceled) 
4. An integrated circuit according to claim 1, Wherein said 

?rst and second protection circuitry comprises, for each pad, 
a pair of back-to-back diodes coupling the pad to a corre 
sponding one of the electrostatic discharge protection rails. 

5. An integrated circuit according to claim 1, Wherein the 
positive voltage supply pads of different circuit blocks are 
connected to different voltage supply pins of the integrated 
circuit. 

6. An integrated circuit according to claim 1, each of said 
?rst and second electrostatic discharge protection rails 
extending substantially around the entire periphery of the 
integrated circuit. 

7. An integrated circuit having a plurality of circuit blocks, 
each block having one or more positive voltage supply pads, 
one or more negative voltage supply pads, and one or more 
signal pads, the integrated circuit further comprising an elec 
trostatic protection circuit comprising: 
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a ?rst electrostatic discharge protection rail for connection 
to a positive voltage supply point; 

?rst protection circuitry coupling each said positive volt 
age supply pad to said ?rst electrostatic discharge pro 
tection rail, the ?rst protection circuitry being con?g 
ured to provide a conduction path to the ?rst rail in the 
event of an excessive voltage being present on one of 
said positive voltage supply pads; 

a second electrostatic discharge protection rail for connec 
tion to a negative voltage supply point and direct con 
nection to each said negative supply voltage pad; and 

second protection circuitry coupling each said signal pad to 
both said ?rst and second electrostatic discharge protec 
tion rails, the second protection circuitry being con?g 
ured to provide a conduction path to one of the ?rst and 
second rails in the event of an excessive voltage being 
present on one of said signal pads. 

* * * * * 


